A zero dimensional thermodynamic model simulation is developed to simulate the combustion characteristics and performance of a four stroke homogeneous compression combustion ignition (HCCI) engine fueled with gasoline. This model which applies the first law of thermodynamics for a closed system is inclusive of empirical model for predicting the important parameters for engine cycles: the combustion timing and mass burnt fraction during the combustion process. The hypothesis is the increasing intake temperature can reduce the combustion duration and the fuel consumption at wide range of equivalence ratio. The intake temperature were increased from 373-433 K with increment of 20 K. The engine was operated over a range of equivalence ratios of 0.2 to 0.5 at constant engine speed of 1200 rpm and intake pressure of 89,950 k Pa. Simulations were performed using Simulink® under different engine operating conditions. Increasing intake temperature allows reducing the combustion duration by 0.99 °CA and 0.26 °CA at equivalence ratios of 0.2 and 0.5, respectively. The brake specific fuel consumption decreases about 6.09%-5.76% at 0.2-0.5 of equivalence ratios. Thus, fuel consumption can be reduced by increasing intake temperature.
Introduction
HCCI engine differs from SI and CI engines in fact that they have direct in-cylinder mechanism to control the combustion, but it lacks of such mechanism. The fuel and air mixture in HCCI engine is premixed and injected in the cylinder at the intake stroke cycle similar to the SI engine. Then, as the piston compresses and the mixture reaches high temperature, combustion occurs similar to CI engine [1, 2] . However, the condition of charge mixture inside HCCI engine is not same either as SI or CI engine. The in-cylinder mixture is different as it is now dependable on the temperature, pressure, concentration of participation species and burn duration time along the compression stroke [3] .
As there is no direct control of initiation of combustion in HCCI engine, equivalence ratio influences the mixture reactivity in combustion cylinder as it determines the supplied energy. Duret has done experiment on direct injection engine on the effect of equivalence ratio on the HCCI combustion and found that equivalence ratio alone would leave significant effect on the autoignition timing and combustion phasing [4] . Increased in equivalence ratio enhances auto-ignition and heat release because the engine possesses more fuel to burn and more energy to release. In contrary, decreased in equivalence ratio which means decrement in fuel consumption, delays the ignition and temperature inside the cylinder needs to be increased to achieve proper combustion. However, the used inlet temperature is necessary to obtain proper combustion and thus the effect of inlet temperature is investigated in this study.
Methodology
Numerical Method. The engine model is developed under Matlab/Simulink® for numerical simulation. The parameters, engine geometries and valve timing layout are adopted from existed spark ignition engines. Modification is made on the ignition method to suit the combustion behavior of an HCCI engine [5, 6] . This study is focused on the developing HCCI engine model based on the thermodynamic equations of an engine with some assumptions made on the changing characteristics of fuel-air mixture inside the combustion chamber and no throttle body effect during wide open throttle condition. The base algorithm developed for numerical engine simulation is as in Table 1 . The numerical analysis is based on ordinary differential equations to generate engine burn mass fraction, burn duration, engine pressure, exhaust temperature and pressure, heat loss and work done. During compression and combustion stokes, the thermodynamic properties are dependent on the pressure and temperature at each increment of angle. The differential equations have been modeled using Simulink model (called mdl files). Simulations are carried out for a single cylinder 4-stroke gasoline engine that supposed to run in HCCI mode. The engine compression ratio is 16. determined from heating value of fuel and fuel mass entered the cylinder (9) Find the pressure increment inside the cylinder and heat transfer using Woschni correlation (10) Calculate the instantaneous pressure (11) The instantaneous pressure in step (8) will be used to identify mode of mass flow in the cylinder (12) Find the axial valve lift (13) Find pressure that belongs to the flow in mass using pressure in (7). Calculate pressure ratio. (14) Find the total flow in mass rate depending on chocked or un-chocked flow condition (15) The crank angle is now increment of 1 °CA. Continue to the step (4) until = 180° .
Results and Discussions
Validations. Two experimental results used to validate this numerical data are given by Guo et al. and Maurya and Agarwal [7, 8] . The experiment data from [7] are the cylinder pressure traces at different intake pressure. They have carried out a series of experiments on HCCI combustion to study the effects of AFR to the combustion phase. The numerical engine model is simulated using their engine specifications and pressure traces of three different intake pressures are plotted and validated with those from [7] . The experiment data from [8] are the engine performances under dilution of AFR. The experiment was conducted at intake temperature of 393 K and 423 K and at different air-fuel ratios. The results show a good agreement between both experimental and simulated data as Fig.1 and Fig.2 .
Applied Mechanics and Materials Vol. 564 9 Effect of Intake Temperature on Combustion Duration. As intake temperature increases, the combustion duration as in Fig.3 decreases at any equivalence ratio below 0.5, and as the equivalence ratio increases, the combustion duration also decreases regardless of intake temperature. The decreasing combustion duration is due to enhanced heat transfer rate. Fig. 1 : Comparison of experimental [7] and numerical results for cylinder pressure traces
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Effect of Intake Temperature on the Engine Performance. The simulation is run under lean mixture conditions from 0.2 to 0.5. As the equivalence ratio indicates the amount of fuel injected to the cylinder, fuel conversion efficiency plays the important parameter to measure how efficiency the fuel is converted into energy to produce work on the engine. The fuel conversion efficiency has improved about 4.63%, 2.79%, 1.45% and 1.45% for equivalence ratios of 0.2, 0.3, 0.4, and 0.5, respectively. This is due increase the energy intake proportional to the increase in engine power resulted from higher intake temperature. The fuel conversion efficiency is defined as a ratio of the engine power and input energy from the fuel. It is inversely proportional to specific fuel consumption (sfc). Therefore, obviously lower sfc is desirable. Fig.5 shows the amount of fuel supplied per unit output power or known as brake specific fuel consumption (bsfc) which decreased as the equivalence ratio increased. Increasing the intake temperature up to 433 K has decreased the bsfc average of 5.40%, 3.10%, 1.60% and 1.66% for equivalence ratio of 0.2, 0.3, 0.4, and 0.5, respectively 
Conclusion
The advantages of increasing intake temperature on HCCI engine running with leaner mixture are the increasing efficiency and maintaining the power output. Therefore, HCCI engine can be operated on the leaner mixture without sacrificing the engine performance. Combustion efficiency of the higher intake temperature is higher than the lower intake temperature for all ranges of Applied Mechanics and Materials Vol. 564equivalence ratio studied. Nevertheless, the engine operates at low equivalence ratio and high intake temperature is very advantageous in terms of saving energy by increasing the combustion efficiency while decreasing the fuel consumption.
